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 
Abstract: The primary objective of this work is to show 
simulation outputs from the developed model of cell flow within 
a microfluidic device. This work is essential because it requires 
computational models to offer compact sized biomedical 
equipment that involves microfluidics technology. Microfluidics 
has become a common technology for life science applications in 
latest years. The purpose is to learn the effect of various 
microchannel size and shape with lateral traps for single cell 
analysis and to arrive at an optimum design based on a 
simulation study using COMSOL Multiphysics software. Thus in 
order to develop software model of various microchannels which 
execute fluid flow in the microelectronic device. This research 
provides numerical alternatives from finite element analysis 
simulation using the software COMSOL-Multiphysics to 
characterize the shape and size of the microchannel initializing 
the fluid flow. Optimized design analysis and operating 
conditions for efficient single cell trap is reported. 
 
Keywords: COMSOL, microchannel, microfluidics, 
simulation, single cell, trapping.  
I. INTRODUCTION 
Single cell analysis relates to the research of individual 
tissue-isolated cells in multi-cellular organisms in the field of 
cell biology. Analysis of single cells is a natural way of 
studying organisms.  Genetic behaviors and protein patterns 
can mostly elucidate cellular activities, but the complex 
analyses of cells helps to gain knowledge about the 
continuously occurring molecular events in each cell [1]. 
Every cell, even within the same sort of cell, is more or less 
distinct from the other. Studying each and every type of cell is 
therefore essential.  
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Highly recognized in bacteria, cellular heterogeneity is 
also increasingly recognized in eukaryotic cells. Cell cultures 
are expected and assumed to be homogeneous in nature, and 
the study of a group of cells would provide an accurate 
estimate of the cell activity in that culture or tissue; 
Researchers are highly aware of this, so single-cell analysis 
can be used to know about the consequential properties of 
differences in cells. The cells ' average response has been, 
and still is sometimes, found to be the response of all cells in 
that study. The approach to measurements of the ensemble is 
beginning to change. Microfluidics is a multidisciplinary 
field that intersects engineering, physics, chemistry, 
biochemistry, biotechnology, and nanotechnology with 
practical applications for system design in which small fluid 
volumes are processed to accomplish multiplexing, 
automation, and high-throughput screening. It is a collection 
of methods and processes to make equipment for exactly 
controlling and manipulating liquids in geometrically small 
channels [3]. A biochip is a miniaturized laboratory capable 
of sequentially performing more constant biochemical 
responses. These are set of micro-arrays arranged on the 
surface of a solid substratum and are intended to perform 
multiple tests at the same time to achieve greater speed and 
performance [5]. 
Chemical trapping, Dielectrophoretic trapping, Laser 
trapping, Magnetic trapping, Acoustic trapping are the 
various methods used for single cell analysis. The demerits of 
those methods are, in chemical trapping, cells require time to 
be getting attached, and deposition is permanent. There is 
also a problem with the choice of surface coatings. The 
occurrence of intense AC fields trigger heating of cells due to 
the ejection of certain voltage is a downside of 
dielectrophoresis. A common failing of laser trapping is that 
the amount of traps is limited by the existing laser power, as 
a fixed portion of each trap is essential [6]. In Magnetic 
trapping, the Cells are continuously open to electromagnetic 
force at a slight higher temperature; however, they have not 
been found to be harmful. Cell damage and changes in cell 
properties can occur in these cases [5]. And also it requires 
large workspace, number of technicians and quantity of 
sample required is more for processing explains the cellular 
behavior to the large extent. Human error may cause 
occurrences of false result and detection. Other micro fluidic 
techniques are constraint due to failure in designing and 
processing. A biochip is a 
miniaturized microarray 
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platform organized on a strong substratum that enables 
multiple activities to be conducted simultaneously to achieve 
high outcomes and speed. In this microfluidic biochip 
design, the whole lab work is miniaturized within a single 
microelectronic device. By using COMSOL Multiphysics 
software, the design of micro channels and modeling of the 
cell will be performed and the simulation results are used to 
validate the optimal designs [4]. 
Modeling of computational fluid dynamics (CFD) is an 
important method which is currently implemented in the 
field of micro level cell culture, enabling a clearer knowledge 
about the hydrodynamic setting and the variables that control 
it. CFD enables us to know the consequences of fluid flow 
and cell transport, thus providing essential visions into the 
design of microfluidic cell culture chip and its optimization 
[3]. CFD simulations were conducted to assess the system's 
characteristics during cell trapping and release [9]. 
This research demonstrates the design and growth of 
single-cell trapping using hydrodynamic cell trapping 
method in a microfluidic finite-element analysis [15, 19]. 
This work describes the design and analysis of various 
microchannels in microfluidic device for single cell analysis 
which has a wide range of application in cell engineering, 
protein engineering and for other diagnostic purposes [7]. 
Hydrodynamic trapping involves techniques for separating 
particles from a stream using variances in surface topography 
and for immobilizing them at certain places. For the most 
part, mechanical obstacles or hurdles are used; these only 
provide a passage for the fluid to filter the particles or 
elements from the fluid. The barrier sizes must be adjusted to 
the dimension of the trapped elements. Therefore, the 
dimensions of the barrier must be adjusted to the size of the 
trapped elements. Structures in which particles are stopped 
are vertical walls below the channel's height. Low area of 
shear stress is appropriate for holding elements from a 
running fluid. With small shear forces, feeble connections 
with the surface of the channel can support to retain the 
particle in location. There are no such rigid restrictions on 
particle size as filtering obstacles with this principle. For 
example, areas of low flow of fluid and less shear stress are 
developed in places manufactured in microchannel walls. 
Hydrodynamic trapping applications are seen in the field of 
drug screening or tissue engineering [16, 17]. Patch 
clamping on a chip is an exact example which consists of 
holes in the design that sucks cells on. The advantages of 
hydrodynamic trapping are the rapid immobilization of cells 
compared to other trapping methods and the tools are very 
simple and cost-effective [12]. In comparison to the 
contactless methods, no advanced instrumental periphery is 
required. On the other hand, it is not possible to avoid contact 
with a surface, which could result in irreversible attachment 
[2]. A disadvantage is that it is hard to attain accuracy in 
particle deposition. Array sites often stay vacant or in place of 
single particles, aggregates are trapped. Therefore, strategies 
are being created to enhance hydrodynamic trap selectivity. 
Furthermore, it is of present concern to immobilize distinct 
kinds of an item at elevated density and to use hydrodynamic 
trapping ideas in specified locations [20]. So our goal is to 
resolve these flaws by designing and analyzing our model.  
In this work, Hydrodynamic cell trapping method is used 
to make cells move along the microchannels and get laterally 
trapped in the bottom microchannel. Using Comsol Multi 
physics, the micro channel has been designed using CFD 
module, simulated and analyzed [14]. 
In this paper, we proposed new designs in 2D using 
Comsol and additional discussions on the simulation 
outcome of single cell trapping within the trap region. Single 
cell trapping was done by operating the rate of fluid flow and 
bottom channel geometry. The single cell could be trapped 
inside the bottom channel from the simulation outcomes, and 
effective designs can be identified [17, 22]. 
II.  GOVERNING EQUATIONS 
The fluid flow pattern may be laminar or creeping flow. 
The single type flow form is also referred to as Stokes flow 
and happens in high-speed or small geometric length scales 
schemes.  
The Navier-stokes equations shows the motion of fluids 






u shows the fluid velocity, 
p represents the fluid pressure, 
ρ is the fluid density, and 
μ defines the fluid dynamic viscosity.  
Together with the continuity equation these above 
equations are always solved: 


The Navier-Stokes equations show momentum 
conservation, while the equation of continuity represents 
mass conservation.  
These equations are solved for a specific range of 
boundary conditions (such as inlets, outlets, and walls) 
forecasts the speed and heaviness of the fluid in a particular 
geometry. The fluid velocity is specified in the fluid flow 
module at the inlet and the pressure at the outlet. No-slip 
boundary is the specified boundary conditions at the walls 
(i.e. Velocity is said to be zero). The amount of Reynolds, 
Re=πUL/μ, refers to the inertial-to-viscous force ratio. It 
measures the flow. The number flows of Low Reynolds are 
laminar or creeping, while the number flows of greater 
Reynolds are turbulent [21]. The Navier-Stokes equation for 
rectangular coordinates from the de Nevers book (constant 
density and viscosity) is given as: 
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

Where the substantial time derivative is defined as 


Drag force is applied to the cells located inside the 
microchannel during the fluidic flow through the 
microfluidic channel. For a constant medium density, this 
kind of force given to the cell is subjected to the speed of the 
cell movement along with the fluid and its surface region. 
The relationship as shown below [8, 13] 


Where  shows drag force,  defines the liquid density,  
is the cell velocity, and d represents the cell's drag 
coefficient and area respectively.[13] 
Speed of the fluid and area of the cell can be evaluated 
with the help of optical observation under a microscope 
among the above parameters. Drag coefficient is a 
dimensionless parameter, depending on the geometric shape 
of the particle. Reynolds number is very small for a 
microfluidic channel, i.e.laminar flow is observed.Thus the 
drag coefficient was proposed to be between 0.1 – 0.5 for 
spherical objects.  
Two forces are needed to drag a particle into the 
microfluidic channel, first the Newtonian force and then the 
gravitational force. [13] 
 
Because of the drag force, the cell must rush and push 
onwards. Single cell is affected with very small gravity range 
and can be minimized in our experimental conditions which 
are at exactly low Reynolds numbers. As a consequence, 
Newtonian force can be equated with the drag force needed to 
rush the particle to move along with the fluid. 
 
Where  is the exerted force, m is the mass of cell and a 
is acceleration due to the force. The microfluidic channel is 
air tight during liquid flow and the pressure inside the 
microchannel is completely saturated.[21] As a result, the 
pressure applied inside the channel is spread evenly across 
the entire microfluidic channel. Drag force on the cell surface 
at this point is equivalent to the force needed to accelerate the 
cell. [22] 
III. DEVICE DESIGN 
We initially design three microchannels which execute the 
flow of water and cell efficiently inside the channel. These 
below microchannels have a single inlet and outlet and 
multiple channel design. The size of the microchannel 
ranges between 100-50 micrometer as shown in Fig.1. Cell 
size ranges between 1-15 micrometer. Here water is 
considered as a buffer solution and is injected through the 
inlet of the channel. Particle tracing module for fluid flow is 
used to the compute motion of particles in a background 
fluid. Particle motion can be driven by drag, gravity, 
magnetic and acoustophoretic forces. Here drag force is used 
[10]. In fluid flow interfaces, physical quantities such as 
stress and flow rate are used, and physical characteristics 
such as viscosity and density are used to describe a fluid flow. 
The mesh configurations determine the finite element mesh 
resolution used to discrete the model. The finite element 
separates components of geometrically easy forms; it is 
tetrahedron in this situation. Refine the mesh to get better 
computational results. 
 
The boundary conditions include selecting the design 
walls, the inlet, outlet, and the values of stress and speed. 
Predict fluid velocity and pressure for the particular design 
parameters. The fluid velocity is specified in the fluid flow 
module at the inlet and pressure at the outlet. The wall’s 
condition is a state of no slip border. (That is, the speed is set 
to zero). The amount of Reynolds, Re=πUL/μ, refers to the 
inertial-to-viscous force ratio. It measures the flow. The 
number flows of Low Reynolds are laminar or creeping, 
while the number flows of greater Reynolds are turbulent. 
Table- I: Various microchannel dimensions 










2000 µm 3000 µm 2000 µm 









Diameter  1 µm 1 µm 1 µm 
No. of particles  10000 10000 10000 
 
 
Fig. 1. Geometric objects a) Design 1- Square Shape 
Channel b) Design 2- Triangular Shape Channel c) Design 
3- Slant channel 
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IV. SIMULATION STUDY AND RESULTS 
The comparatives study between these three channels has 
been done mainly to choose the better design which executes 
lateral trapping with optimum results.  
 
 
Fig. 2. Microchannel design analysis. 
From the above study of channel design1 shown in Fig.2, 
we can conclude that the horizontal path in the microchannel 
will be efficient for cell trapping when attached with traps 
along it. The vertical path will also leads to some cell traps. 
But in the triangular shape channel design there will be a 
high possibility of cell clumping occurs in that triangular 
shape channels. So trapping of a single cell is much 
complicated with this design. From Slant channel design, we 
can conclude that the horizontal path in the microchannel 
will be less efficient for cell trapping when attached with 
traps along it. The slanting path will lead to maximum cell 
trap, due to the high speed of the fluid at which the cell trap 
rate will be high. Thus the slant design is highly efficient for 
cell trapping laterally. Even though design 1 and 2 are 
efficient for attaching trap area, but there will be very less 
possibility for the cell to trap along the lateral traps. So we 
are neglecting design 1 and 2. Further enhancement of 
design 3 will lead to proper cell traps and optimum results. 
Further enhancement of channel design 2 with drain 
channels along with lateral trapping area 
Lateral traps are attached to the sides of the microchannel as 
shown in Fig. 4. The cells are getting in through the inlet 
channel towards the main channel, the main channel 
consisting of trap area laterally. Also, the drain channels are 
attached throughout the main channel which drains out the 
water entering the trap area only remains the single cell in. 
Our design considerations are to trap individual cells in the 
trap region and achieve optimum outcomes. Here we are 
considering various channel parameters for analyses which 
include Slant Channel width (SCwt), Slant angle (θ), Drain 
Channel. 
 
Fig. 3. Slant microchannel and its various parameters 





























































Fig. 4. Microchannel with various width 20µm,60 µm,100 
µm with slant angles varying from 30°, 45°, 60°, 75° 
A. Comparative analysis among various velocity ranges 
using 1D plot analyses 
These Analyses can be performed by varying the 
parameters of the slant design. Here the variation of the flow 
pattern can be studied by changing the velocity and also the 
variation in slant angle such as 75°, 30°, 45° and 60° 
respectively. 
 
Fig. 5. Cut plane (a) At the inlet of the microchannel (b)At 
the trap area (c)At the outlet of 
the microchannel 
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The velocity profiles show that the laminar flow is laminar 
[11]. If the center velocity is higher, the pressure should 
decrease so that the cells can stay in the centre and the 
remaining particles and fluid gets started to move along the 
focusing channel. With the simulation results shown in 
Fig.5, 6, 7 and 8, the possibility of the cell to get trapped 
inside the trap area is higher. At the inlet of the 
microchannel, the velocity profile for 0.1m/s, 1m/s, 5 m/s, 
10m/s shows laminar flow is developed inside the channel. 
Therefore, the flow pattern is same for all the velocity range 
only the rate of flow varies from one another. 
 
Fig. 6. Velocity profile of microchannel SC20 with various 
slant angles and inlet velocities 
 
Fig. 7. Velocity profile of microchannel SC60 with various 
slant angles and inlet velocities 
 
Fig. 8. Velocity profile of microchannel SC100 with various 
slant angles and inlet velocities. 
From the plot shown in Fig.9 and Fig.10, we can infer the 
pattern of flow inside the microchannel for various velocities. 
At the outlet of the microchannel, the velocity profile for 
10m/s, 5m/s, 1m/s and 0.1m/s, shows the laminar flow is 
highly developed inside the channel. If the center velocity is 
higher, the stress can decrease, so it can hold the cells in the 
center and made the remaining cells and fluid to flow along 
the outlet path. 
 
 
Fig. 9. (a) cell flow through the inlet channel (b) cell flow 
through the trap area (c) cell flow towards the outlet channel 
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Fig. 10. Quantitative analysis of the number of particles 
trapped in all the channels. 
V. CONCLUSION 
From various designs, we can suggest that the slant channel 
design is appropriate for single cell trapping laterally. The 
result shows that there is more number of cells trapped inside 
the trap area and few of them are empty. In the slant channel 
design, the cell gets trapped mainly at the middle and bottom 
trap areas. The design also involves bottom microchannel 
which drains out the remaining excess water stored in the 
trap area to the outlet. Once the cells got trapped, the 
remaining cells move out through the outlet from the main 
channel and the drain channel. 
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